Aims/hypothesis The Diabetes Prevention Program (DPP) lifestyle intervention successfully achieved its goal of increasing leisure physical activity levels. This current study examines whether the lifestyle intervention also changed time spent being sedentary and the impact of sedentary time on diabetes development in this cohort. Methods 3,232 DPP participants provided baseline data. Sedentary behaviour was assessed via an intervieweradministered questionnaire and reported as time spent watching television specifically (or combined with sitting at work). Mean change in sedentary time was examined using repeated measures ANCOVA. The relationship between sedentary time and diabetes incidence was determined using Cox proportional hazards models. 
increased television watching (3.4% per hour spent watching television), after controlling for age, sex, treatment arm and leisure physical activity ( p<0.01), which was attenuated when time-dependent weight was added to the model. Conclusions/interpretation In the DPP, the lifestyle intervention was effective at reducing sedentary time, which was not a primary goal. In addition, in all treatment arms, individuals with lower levels of sedentary time had a lower risk of developing diabetes. Future lifestyle intervention programmes should emphasise reducing television watching and other sedentary behaviours in addition to increasing physical activity. 
Introduction
Sedentary behaviour has been described as time spent in activities with low energy expenditure such as watching television (TV), using the computer, or sitting during commuting and while working [1] , and has been identified as a potential risk factor for diabetes and the metabolic syndrome, independent of physical activity [1] [2] [3] [4] . To date, most lifestyle interventions designed to decrease diabetes risk have focused on weight loss, dietary change and increasing physical activity levels, but have not examined the contribution of sedentary time [5] . The activity goal in the lifestyle arm of the Diabetes Prevention Program (DPP) was to achieve at least 150 min/ week of moderate to vigorous activity and was met by the majority of the lifestyle participants [5] . What is not known is whether the intervention effort had any impact on time spent being sedentary. Previous results suggest that interventions focused on increasing physical activity may actually lead to increases in sitting time [6] . This manuscript examines whether the DPP lifestyle intervention, which was shown to be effective at increasing physical activity, also improved selfreported sitting time. The effect of sedentary behaviour on diabetes development was also examined.
Methods
Design and participants The DPP was a multicentre, randomised controlled clinical trial designed to determine whether metformin or lifestyle intervention could prevent or delay type 2 diabetes in adults at high risk of developing the disease [7] . When the DPP results were reported (mean follow-up: 2.8 years), diabetes incidence was reduced in the metformin and lifestyle intervention arms compared with placebo by 31% and 58%, respectively [8] . The final data collection for the formal DPP study took slightly longer (3.2 years) and is the follow-up time of this current effort [9] .
The study design, methods and primary results for the DPP have been published [7, 8] . Briefly, the study enrolled 3,234 overweight US adults (1996-1999) of at least 25 years of age. Informed consent was obtained for all participants and the study was approved by the institutional review boards of each institution.
The lifestyle intervention has been previously described [5] . The goals were to achieve a 7% weight loss and at least 150 min/week of moderate intensity activity (e.g. brisk walking) and included behavioural self-management strategies such as self-monitoring. Although reduction in sedentary time was not a primary goal of the intervention, suggestions for limiting inactive lifestyle choices (e.g. reducing TV watching time) were discussed briefly in the curriculum and encouraged occasionally throughout the programme.
Measurements Demographic information was collected prior to randomisation [7] . Weight was collected at baseline and semi-annually [8] . Incident diabetes was identified annually using a 75 g OGTT and semi-annually using fasting glucose levels, with values confirmed within 6 weeks [7] .
Self-reported past year physical activity and sedentary time was collected at baseline and annually via the intervieweradministered Modifiable Activity Questionnaire (MAQ). The MAQ was designed to collect both leisure and work-related, primarily moderate to vigorous activity and has been previously validated against other instruments including accelerometers [10] [11] [12] [13] .
Sedentary time was determined from the MAQ as average daily time spent watching TV and time spent sitting at work. Supporting the validation study by Jacobi et al [13] , we validated the sedentary questions on the MAQ in a subsample of the DPP study population (n=695) at year 10 of the Diabetes Prevention Program Outcomes Study (DPPOS) using ActiGraph GT3X triaxial accelerometers (ActiGraph, Pensacola, FL, USA). Since individual activities cannot be identified from accelerometer data, total time spent sedentary (defined as <150 counts/min [14] ) was compared with reported time spent TV watching and reported time spent TV watching plus work sitting from the MAQ using Spearman rank order correlations.
TV watching typically accounts for a small portion of the time spent in total sedentary pursuits recorded by accelerometers [13, 15, 16] . Therefore, we would not anticipate high correlations between reported TV watching and total sedentary time from accelerometers and our results support this hypothesis (partial ρ=0.11, p=0.0037; controlling for age and sex). As also expected, adding another component of sedentary behaviour (reported time spent sitting at work) to TV watching from the MAQ strengthened the correlation ( partial ρ=0.37, p<0.0001). Similar correlations between reported total sitting time from questionnaires and total sedentary time from accelerometers have been published for other validated questionnaires including the International Physical Activity Questionnaire (IPAQ; ρ= 0.17-0.23), the Global Physical Activity Questionnaire (GPAQ; ρ=−0.02 to 0.40) and Past Year Total Physical Activity Questionnaire (PYTPAQ; ρ=0.32) [17] .
Statistical methods Analyses were conducted using SAS (v. 9.2, SAS Institute, Cary, NC, USA). The relationship between average time spent watching TV and leisure physical activity in metabolic equivalent (MET [h/week], averaged over intervention years 1-3) was expressed using Spearman correlations. ANOVA/ANCOVA was used to compare mean baseline and yearly change (controlling for baseline) values across the three treatment groups for minutes of reported TV watching and combined sedentary activity (TV plus time sitting at work). Repeated measures ANOVA was used to assess change from baseline to end of study within treatment groups and subgroups based on demographic variables, body composition, working status and meeting lifestyle goals. In these analyses, age categories (<40, 40 to <50, 50 to <60 and ≥60 years), race/ethnicity (white non-Hispanic and other), baseline BMI (≥30 kg/m 2 and <30 kg/m 2 ) and work status (worked at home or worked outside the home) were used.
The effect of TV watching and combined sedentary activity on diabetes incidence was examined using Cox proportional hazards models with time-dependent covariates. Owing to the lack of an interaction by treatment arm, Cox models were examined for both the entire cohort (controlling for treatment) and the lifestyle arm alone. All models were adjusted for baseline age and sex. Additional models were adjusted for timedependent covariates including leisure physical activity in MET (h/week) from the MAQ and body weight.
Results
Overall, 3,232 participants completed the MAQ at baseline. Spearman correlations showed a modest, inverse relationship between TV watching time and leisure physical activity (−0.13, p<0.0001), even after controlling for age and sex (−0.15, p<0.0001). Mean values for baseline TV watching time were not significantly different ( p=0.49) across the three treatment groups: placebo was 144 (95% CI 138, 150), metformin was 139 (95% CI 133, 145) and lifestyle was 144 (95% CI 138, 151) min/day. Additionally, the combination variable (TV plus time sitting at work) at baseline was not significantly different ( p=0.25) across the three treatment arms: 412 (95% CI 399, 423), 410 (95% CI 399, 421) and 423 (95% CI 410, 435) min/day for the placebo, metformin and lifestyle groups, respectively. Figure 1 illustrates the mean change from baseline in selfreported TV watching by study year for each treatment group. Mean change in reported TV watching between baseline and year 1 for the placebo, metformin and lifestyle groups were −7 (95% CI −13, −2), −3 (95% CI −8, 2) and −22 (95% CI −28, −17) min/day, respectively. Differences between treatment groups for change in TV watching from baseline were significant ( p<0.001) at each follow-up year, with consistently greater reductions in the lifestyle group than both the placebo and metformin groups. Overall, mean time spent watching TV decreased significantly during follow-up (mean: 3. For the lifestyle participants, this reduction in reported TV watching time throughout follow-up was observed for all participant subgroups including age, sex, work status, race/ethnicity, obesity status, or those achieving the weight and/or activity goal(s) (data not shown). Similarly, the lifestyle group had the greatest reduction in mean time spent in the combination sedentary variable (TV watching and time sitting at work) during follow-up. Repeated measures change was −9 (95% CI −17, −1), −6 (95% CI −14, 2) and −37 (95% CI −44, −28) min/day for the placebo, metformin and lifestyle groups, respectively ( p<0.001 for differences between groups).
The impact of time-varying sedentary behaviour on diabetes incidence was then investigated ( The association between the combination of TV watching and sitting at work and the risk of diabetes development was weaker, but similar to that of TV watching alone.
Discussion
The DPP lifestyle intervention resulted in significant increases in leisure physical activity levels in individuals at high risk of developing diabetes [5] . This current effort demonstrates that the intervention also had a positive impact on self-reported time spent in sedentary behaviour that was significant across demographic and BMI specific subgroups. Additionally, these results suggest that time spent sedentary was related to diabetes incidence in the DPP study cohort, independent of physical activity levels. A recent review suggested that improving physical activity through lifestyle intervention may not necessarily have a similar beneficial effect on sedentary time [6] . By contrast, the results of this study showed that an intervention known to improve moderately intense activity did positively affect sedentary time despite a lack of emphasis on decreasing sedentary behaviour.
This effort suggests that modest improvements in domainspecific sedentary time, such as TV watching, may lead to reduced diabetes incidence in individuals at high risk of developing the disease. Controlling for time-dependent body weight attenuated this finding. However, owing to the known association between body weight and sedentary behaviour, one could argue that adjusting for weight may represent over-controlling [18] .
Responses to questions regarding time spent watching TV and sitting at work were used to estimate specific segments of total sedentary time and are known to perform reasonably well [1] . These measures do not represent total sedentary time; as many sedentary behaviours are unplanned and/or unstructured, making them hard to recall or quantify subjectively [1] . Therefore, adding objective measures of physical activity to future interventions that can more accurately quantify all contributions of sedentary behaviour is suggested in order to validate these questionnaire-based findings.
Reducing sedentary behaviours was not a specific goal of the DPP intervention and participants were not asked to log the amount of time they spent sitting. Increased emphasis on reducing TV watching and other sedentary behaviours through other behaviour change strategies, such as more direct encouragement and self-monitoring, would be likely to lead to greater reductions in sedentary time. Additional emphasis on reducing sedentary behaviours in lifestyle intervention programmes that are already focused on increasing leisure physical activity levels is merited. Duality of interest LMD has a financial interest in Omada Health, a company that develops online behaviour change programmes, with a focus on diabetes. The interests of LMD were reviewed and are managed by Massachusetts General Hospital and Partners HealthCare in accordance with their conflict of interest policies. All other authors declare that there is no duality of interest associated with their contribution to this manuscript.
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